. Consequently, numerous aspects
Data treatment and analyses

106
We standardised the available data on amphibian counts on and near the roads, along fences and 107 in tunnels to be able to compare, as far as possible, each site before and after mitigation and the 108 mitigated road section with adjacent non-mitigated sections. We summarised the number of 109 amphibians found on and near the road (including along temporary fences at site 2) per night (site 110 1) or evening (site 2-3) and 50m road interval, assuming that these data were collected with a 111 similar effort over the road section searched, and with a similar effort before and after mitigation, 112 within each site. We however acknowledge that the method used along the temporary fence at 113 site 2 was too different to allow a direct comparison with non-mitigated sections for that site.
114
To be able to tentatively compare the performance of different tunnels at a site, we calculated the 115 number through each tunnel per night (at site 1) or number of movements (in + out) and the net 116 number through each tunnel per 24h-period (at site 2-3). To assess the number of amphibians 117 successfully crossing a mitigated road section through the tunnels we summarised the net number 118 through all tunnels at the site.
119
To assess the number of amphibians killed and the number successfully crossing a non-mitigated 120 road section, we used the relationship presented by Hels & Buchwald (2001) on the risk of 121 getting killed for an amphibian on the road depending on average traffic intensity and species
122
( Fig. 5 ). According to this relationship, a proportion of the amphibians found alive on and near 123 the road attempting to cross it should have made it successfully to the other side even without 124 being rescued, and concomitantly, the number of amphibians found dead on the road should 125 represent also a certain number that survived and managed to cross.
126
In site 1, newts made up ca 98% of amphibians observed, so we analysed only data on newts 127 from this site, and pooled the two newt species in the analyses. Most of the newts found when 128 searching the road were dead (ca 72%). Using the information presented Hels & Buchwald while all toads found or captured along the temporary fence were alive. We estimated a 70% risk 136 of getting traffic killed for toads trying to cross the road surface at the site (Fig. 5) , and assumed 137 that each toad found roadkilled represented (1/0.70)-1 = 0.43 toads that had crossed successfully 138 and that each toad found along the temporary fence represented 1-0.70 = 0.30 toad that would 139 have managed to cross the road, had the fence not been in place.
140
In site 3, significant numbers were found of 4 species (all except great crested newt), so we 141 included all amphibians in the analyses for that site. Most amphibians found on or approaching 142 the road were alive (ca 83%). We assumed that on average 75% (newts 79%, toads and frogs 
Results
148
The number of amphibians found on or heading for the road, i.e. animals killed or at risk of being 149 killed by car traffic, during spring migration decreased at mitigated road sections at all three sites 150 (Fig. 6) . The estimated number of individual amphibians saved by the mitigation measures 151 ranged from 25 to >200 per night at the three sites (Table 3) , corresponding to a 91-100% 152 decrease in roadkilled amphibians along mitigated road sections. Outside mitigated road sections 153 the changes from before to after mitigation were smaller and more variable; the number of 154 amphibians on the road decreased by 33% at site 1, increased by over 300% at site 2, while there 155 was virtually no change at site 3. At site 2, the number of amphibians on the road peaked just 156 outside of the fence-ends (intervals 8 and 15-17; see Fig. 6 ). At site 1 and 2, some individuals successfully crossing along non-mitigated sections differed between before and after mitigation, 165 and over the entire site (mitigated + non-mitigated road sections combined) the mitigation 166 implementation resulted in 2-162 more individuals crossing the road per night (Table 5) , or a 16-167 340% increase.
168
The number of amphibians passing through the tunnels also varied greatly among the tunnels at 169 sites 1 and 3 (Table 4 ). Tunnel no. 2 at site 3 stood out by the large discrepancy between the high 170 number of amphibians moving in and out of the tunnel entrance and the low net number passing 171 through. This tunnel had a shallow pool in the northern (entrance) side, while the southern (exit) 172 side was completely submerged due to a construction fault. 1989; Dodd, Barichivich & Smith, 2004; Jochimsen et al., 2004; Stenberg & Nyström, 2009; 183 Malt, 2011; Matos et al., 2017; Matos et al., 2018; Hill et al., 2018; Jarvis, Hartup & Petrovan, 184 2019).
185
However, the data from at least two of our sites suggested the presence of fence-end effects studies have reported the overall rates of individual toads or newts using tunnels ranging from 3% 212 to 98% of those encountering the guiding fences (Brehm, 1989; Buck-Dobrick & Dobrick, 1989; 213 Langton, 1989; Meinig, 1989; Zuiderwijk, 1989; Mechura et al., 2012; Matos et al., 2017; Matos 214 et al., 2018; Ottburg & van der Grift, 2019 , Jarvis, Hartup & Petrovan, 2019 .
215
The results from our three sites indicated that the mitigation schemes likely reduced the barrier 216 effects of the roads. We assumed that even without mitigation in place, a certain proportion of 217 amphibians manage to cross a road without getting killed by traffic, that most amphibians survive 218 where the traffic intensity is very low, but that the proportion surviving decreases exponentially suggest that long tunnels and long fences without tunnels make amphibians give up and turn back 244 (Zuiderwijk, 1989; Jochimsen et al., 2004; Jackson, Smith & Gunson, 2015; Hill et al., 2018; 245 Ottburg & van der Grift, 2019; Matos et al., 2018) ; these individuals may eventually try crossing 246 the road on another spot. There were significant movements in and out of the tunnels at this site, 247 which may indicate that animals hesitated to pass through. However, the total numbers actually 248 crossing through the tunnels were broadly similar to the estimated number killed or crossing the 249 fenced section before mitigation (58.8/24h vs. 32.1+13.8=45.9/night).
250
There are several plausible explanations for the changes in the number of amphibians on the road 251 outside mitigated sections (most pronounced at site 1 and 2), other than the potential bypass 252 effect described above. The most obvious is that the field effort at some sites and time periods 253 was insufficient (three nights or less for data collection) and the data therefore were influenced by random events. Another is that the fieldwork methods were in fact not similar enough with regard 255 to how the basic method was applied in practice to allow the data standardisation and 256 comparisons. The changes observed may also depend on annual differences in population 257 numbers or temporal migration patterns. In this case, the effect sizes on mitigated sections can be 258 adjusted according to the changes on non-mitigated sections. It is however important to note that 259 the non-mitigated sections studied were not true controls (comparators), as they were not 260 unaffected by the mitigation measure (the intervention).
261
The standardisation of data required a number of assumptions and simplifications that may have 262 introduced errors. We adopted an approach where we tried finding the unifying patterns in studies 263 of amphibian passages conducted with slightly different aims, budgets, staffing and time frames.
264
Despite these limitations, we believe that the general picture given by these studies, before vs. 
Implications for management
269
There is scant evidence in literature that the construction of amphibian passages will lead to long- many more toads manage to cross the road alive using the tunnels compared to before mitigation, 287 but these results cannot be put in relation to any estimated population size, and the conclusion 288 regarding the benefit to conservation is confused by the possible bypass effects (see above).
289
However, it is important to point out that there should be a minimal level of road traffic where 290 amphibian passages of the kind described here need to be considered, as implied by the 
297
Using the data from the present cases, and assuming a constant passage rate through tunnels, the 298 breakeven point for site 1 would be at a risk of around 45%, corresponding to a hypothetical 299 average daily traffic of ca 1,000 vehicles. In other words, had the traffic been <1,000 vehicles per 300 day, the construction of the tunnels with fences would have led to fewer amphibians reaching the 301 breeding pond, i.e., an increased barrier effect. For site 3, where the increase in successful 302 crossings was small, the breakeven would be at ca 70% risk, or a hypothetical traffic of ca 6,000 303 vehicles per day. The data from site 2 did not allow a similar assessment due to the increase in 304 amphibians killed on non-mitigated sections.
305
These calculations, as well as all data treatment in our work, rely heavily on Hels & Buchwald´s 306 risk model for amphibians. While their study is well conducted, the results are based on few sections (Collinder, 2007; Helldin, 2015; Lundberg, 2015) . Our results suggest that mitigation 315 (guiding fences and additional tunnels) extending at least some 100 m outside of the most critical 316 road section could minimise fence-end effects and further improve the passage effectiveness.
317
An alternative approach to decrease fence-end effect could be to fortify fence-ends, for example 
